Background: There currently are no data on the relative frequency of endoscopic sinus surgeries (ESS) 
C hronic rhinosinusitis (CRS) is characterized by mucosal inflam-
mation of the nose and paranasal sinuses, and is divided into two broad clinical categories: CRS with nasal polyposis (CRSwNP) and CRS without nasal polyposis (CRSsNP). 1 The incidence of CRSwNP is approximately one-tenth of the incidence of CRSsNP. 2 The prevalence of CRSwNP is ϳ1%, whereas the prevalence of CRSsNP is less clear but estimated at approximately 10-fold higher. 3 CRSwNP is also biologically different. In Western populations, CRSwNP is near uniformly an eosinophilic condition, whereas CRSsNP is more heterogeneous. 4, 5 In the United States, there currently are no data on the relative frequency of endoscopic sinus surgeries (ESS) performed for CRSwNP versus CRSsNP. Previous studies on CRSwNP demonstrate increased rates of revision surgery but also greater improvements after sinus surgery compared with patients with CRSsNP. [6] [7] [8] [9] [10] [11] Patients with CRSwNP may also have a higher risk of complications during surgery due to increased bleeding, decreased visualization, and altered anatomy. [12] [13] [14] The objectives of this study were to (1) determine the percentage of surgeries performed for CRSwNP compared with CRSsNP in an administrative data base that records all ambulatory surgeries, (2) compare the demographic information of patients who underwent procedures performed for CRSwNP compared with CRSsNP, (3) determine the extent of surgical interventions commonly performed for the diagnosis of CRSwNP compared with CRSsNP, and (4) calculate the rate of complications and the mean charges and operating room (OR) times for procedures for patients with CRSwNP compared with those with CRSsNP.
METHODS

Data Source and Subjects
We used the State Ambulatory Surgery Database (SASD) of California, Florida, Maryland, and New York for 2009, 2010, and 2011. These states were selected to gain a wide geographic distribution. 15, 16 SASD is a product of the Healthcare Cost and Utilization Project (HCUP), conducted by the federal Agency for Healthcare Research and Quality, and the sources of the data are the specific states that submit data to HCUP. 17 The data bases capture all hospital-based ambulatory surgery encounters in all four states and, in addition, all freestanding ambulatory surgery center encounters in Florida, California, and New York. Current Procedural and Terminology (CPT) codes for balloon or combined balloon and endoscopic dilation (BCD) were available beginning in 2011, therefore, only the 2011 data sets were used for analyses that compared BCD with traditional ESS.
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471.X. We excluded patients Ͻ18 years of age and those who had surgery for and ICD-9 code other than 471.X or 473.X (n ϭ 4619), which left 92,609 observations for demographic analyses. To analyze total charges and OR time, we subset the data set to exclude patients who underwent procedures in addition to traditional ESS and/or BCD other than inferior turbinate, septoplasty, polypectomy, or concha bullosa procedures. When applying these criteria, 52,056 observations remained for total charge analysis, and 22,083 observations remained for OR time analysis (OR time data is only available for New York). We obtained estimates of the total populations of California, Florida, and New York from the U.S. Census Bureau July Intercensal Estimates. 19, 20 
Covariate Factors
We obtained patient demographic information, including age, gender, race (white, black, Hispanic, Asian/Pacific Islander, or other), number of chronic diseases (0, 1-3, or Ն4), median income quartile of patients' (zip or other). We obtained surgery center information, including urban versus rural location and hospital based versus freestanding ambulatory surgery center. We calculated the volume of procedures performed at each surgical site and determined terciles for low-(Յ52 procedures/ y), medium-(52-122 procedures/y), and high-volume (Ն123 procedures/y) surgery centers. Only Maryland and Florida included data regarding surgeon identifiers, and so, for these states, we also calculated the volume of procedures performed by individual surgeons and determined surgical volume terciles with an equal number of surgeons: low (Յ15 procedures/y), medium (16-34 procedures/y) and high (Ն35 procedures/y). We also defined a variable for the count of types of sinus procedures performed for each patient discharge. 21 We defined the number of sinus procedures per case as the count of the sinuses operated on (range, 1-4). The SASD data set does not distinguish between uni-versus bilateral sinus procedures. 21 For this reason, paired procedures (e.g., bilateral maxillary procedures) were only counted as a single procedure type.
Outcome Measures
Outcomes of length of stay and death during admission were obtained from the data set. Patients with retrobulbar hemorrhage were identified based on ICD-9 codes for orbital hemorrhage or edema (376.32 or 376.33), with cerebrospinal fluid (CSF) leak by ICD-9 codes for CSF leak 320.X or 349.81, or CPT codes for lumbar drain or skull base repair (31290, 31291, 61618, 61619, 62272), and with blood transfusion by CPT code 36430. 22 To facilitate the comparison of the total charge and OR time, we created variables for mini-ESS (defined as a maxillary antrostomy either via endoscopic or balloon techniques and ethmoidectomy), and for pan-ESS (defined as maxillary antrostomy, sphenoidotomy, and frontal sinus exploration via endoscopic or balloon techniques and ethmoidectomy).
Other combinations of sinus procedures that would fall between mini-ESS and pan-ESS were included in an overall comparison. Of note, only the data set for New York contained information regarding OR time, defined as the total time actually in the OR, exclusive of preoperative (preparation) and postoperative (recovery) time. Maryland, New York, and Florida data sets included data on total charges. The total charges do not include professional fees and noncovered charges, and professional fees are removed from the total charge during HCUP processing. 17 A single total charge value was reported by the surgical center without further itemization.
Statistical Analysis
We used t-tests for continuous variables and 2 or Fisher exact tests for categorical variables to perform bivariate analyses of patient factors, surgery center factors and volume, surgeon case volume, types of procedure, and outcomes between the groups of the patients who underwent procedures for CRSwNP or CRSsNP. We used a Bonferroni multiple comparison correction for post hoc testing when the overall 2 test was significant. The Poisson regression was used to compare the normalized rate of ESS between state adult populations for states that had both freestanding and hospital-based surgery center data. The normality of the distribution for total charges and OR time was tested by use of the Kolmogorov-Smirnov test statistic.
Because the total charge and OR time data (and the log of both) were not normally distributed, we used the Wilcoxon rank sum nonparametric test for bivariate analyses that assessed cost and OR time between the group of patients with or without polyps who underwent mini-ESS, pan-ESS, or any sinus procedure. We performed all data management and analyses by using SAS (SAS Institute Inc., Cary, NC). Statistical significance was determined at a two-tailed level of p Ͻ 0.05. The Northwestern University Institutional Review Board deemed this study of publicly available deidentified information exempt from human subject reviews.
RESULTS
In 2009-2011 in California, Florida, Maryland, and New York, 97,228 ESS were performed; 29.3% of surgeries were for patients with CRSwNP (ICD-9 471.X), 66.0% of cases were for patients with CRSsNP (ICD-9 473.X), and 4.8% were for other indications. A total of 92,609 balloon sinuplasties or ESS for CRSwNP or CRSsNP were performed at 859 facilities. Within the subset of patients from Florida and Maryland who had unique surgeon identifier codes, 1085 surgeons performed 36,438 sinus surgeries.
The demographics of patients who had surgery for CRSwNP compared with those who had surgery for CRSsNP are presented in Table  1 . Patients who had surgery for CRSwNP were older by 2 years when mean ages were compared. Patients with CRSwNP were more likely to be men and to have their surgery in a hospital-based rather than a freestanding surgery center. There were global differences in age groups, race, number of chronic diseases, median household state income quartile for patient zip code, urban versus rural location of patient zip code, hospital volume, and state, but we did not perform specific tests between CRSwNP and CRSsNP groups for these variables.
When adjusting for multiple comparisons, patients with Medicaid (33.8%) and Medicare (32.2%) had higher rates of surgery for CRSwNP compared with patients with private insurance (29.9%) (p Ͻ 0.001 for both). Also, surgeons who performed a higher volume of surgery compared to surgeons who performed a lower volume of surgery performed a lower percentage of surgery for CRSwNP (24.4 versus 33.5%; p Ͻ 0.001). The normalized rates of ESS were calculated based on state adult populations. California had a lower rate of ESS (35.4 ESS per 100,000 adults; p-value 0.027) compared with New York (58.3 ESS per 100,00 adults). Florida's (68.2 ESS per 100,000 adults; p-value 0.44) rate of surgery did not differ from that of New York (overall p Ͻ 0.001 for the Poisson regression).
The patients with CRSwNP had more extensive surgery and were more likely to have a pan-ESS, frontal sinus procedures, and image guidance ( Table 2) . For the patients with CRSwNP, the mean number of sinuses opened were 2.67 Ϯ 1.04 and, for patients with CRSsNP, the mean number was 2.29 Ϯ 0.98. Patients with CRSsNP had an increased rate of septoplasty compared with patients with CRSwNP ( Table 2 ). In total, 8.25% of ESS cases for patients with CRSwNP or with CRSsNP had a balloon procedure performed in 2011. The patients with CRSwNP were less likely to have a balloon procedure compared with the patients with CRSsNP (Table 3) .
There was no difference in the rates of CSF leak or blood transfusion during surgeries for patients with or without polyps. One patient died during the surgical admission, which was not statistically significant between the groups (p ϭ 0.99, Fisher exact test). During the 3-year period, 0.01% of the patients had an orbital hemorrhage, and there was no significant difference between the groups (p ϭ 0.68, Fisher exact test). The patients with CRSwNP were admitted for
observation in 3.23% of surgeries compared with the patients with CRSsNP, who were admitted in 3.61% of surgeries (p ϭ 0.02). Overall, the patients with CRSwNP had more extensive surgery and incurred higher total charges for their surgeries compared with the patients with CRSsNP. There was no difference in charges for patients with and those without polyps who had a mini-ESS or a pan-ESS procedure (Table 4 ). The patients with CRSwNP had significantly longer OR times (an average of 9 minutes longer for ESS of maxillary and 
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have not reported on variations in sinus surgery based on polyposis. [23] [24] [25] [26] [27] The rates of surgery for CRSwNP in the United States contrasts with a cross-sectional survey of 87 National Health System Hospitals in England and Wales in 2006, which found that 69.6% of ESS were for patients with polyposis compared with 30.4% of surgeries for patients without polyps. 6 Although these differences may be due to geographic differences in environmental or genetic factors that lead to polyposis, they may also result from differential rates of surgery. For example, patients on Medicaid had significantly higher rates of surgery (33.8%) for CRSwNP compared with patients with private insurance (29.9%).
Interestingly, lower-volume surgeons performed a higher rate of surgery (33.5%) for CRSwNP compared with higher-volume surgeons (24.4%). This was similar to the study by Svider et al., 26 which found that the number of both endoscopic and open frontal cases billed per year had an inverse relationship with fellowship-trained rhinologists who practice in the area. The reason for these findings is unclear but may be because higher-volume surgeons can achieve a surgical competence with complicated CRSwNP cases and then need fewer revision surgeries. 26 Our data set did not distinguish between revision and primary cases, and, therefore, further studies are necessary to determine how surgeon volume affects the timing and number of revision surgeries performed.
Similar to previous studies, patients with a diagnosis of CRSwNP were more likely to be older and to be men compared with those with CRSsNP. 6, 11, [28] [29] [30] In a prospective study on the incidence of symptomatic CRSwNP, Larsen and Tos 28 found an estimated incidence of 0.86 per thousand per year for men and 0.39 per thousand per year for women, which reached a peak with age of 1.68 and 0.82 patients per thousand per year, respectively, among those 50-59 years. In the cross-sectional study of 1 year of sinus surgery in England discussed above, two-thirds of all patients who underwent polypectomy were men compared with fewer than half of patients who underwent surgery for CRS, and the mean age in years for patients with nasal polyps was 51.6 years compared with 44.6 years old for patients without polyps. 6 Similarly, Tan et al. 29 examined a large cohort of the primary care patients over a 10-year period and found that 54% of the patients diagnosed with CRSwNP were men compared with 41.8% of the patients diagnosed with CRSsNP.
The patients with CRSwNP were more likely to undergo an extensive surgery that involved image guidance compared with those with CRSsNP. Patients with CRSwNP generally have more extensive disease with higher Lund-Mackay scores that are correlated with eosinophilia, although they have similar health utility. 31, 32 Surgical techniques for CRSwNP range from simple polypectomy to extensive surgery with mega maxillary antrostomies and removal of the middle turbinates, and there currently is insufficient evidence to define the optimal timing and extent of surgery. 33 Although patients with CRSwNP were less likely than patients with CRSsNP to have a balloon device used during their surgery, 6% of patients with CRSwNP did have a balloon device used during their surgery to open one or more sinuses.
There is a significant enrichment of CRSwNP in surgically managed CRS compared with the incidence of patients with CRSwNP. For example, Tan et al. 29 found that, in a cohort of primary care patients, the average incidence of CRSwNP was ϳ83 cases per 100,000 personyears and of CRSsNP was ϳ1048 cases per 100,000 person-years. Therefore, the incidence of CRSwNP was less than one-tenth the incidence of CRSsNP, yet patients with CRSwNP accounted for 30% of all ESS cases in our sample. This would indicate that patients with CRSwNP are more likely to need surgical intervention or need it more often.
We found no difference in the rates of transfusion, CSF leak, and orbital hemorrhage between surgeries for patients with CRSwNP compared with patients with CRSsNP. However, this study was underpowered to detect differences in complication rates. The rate of CSF leak was 0.09%, whereas the rate of orbital hemorrhage was 0.01% and transfusion was 0.02%. The rates of complications were lower than those reported in the audit of sinus surgery at National Health System Hospitals published in 2006, and with a systematic review that reported orbital and/or periorbital hemorrhage rates of 0.15%, transfusion rates of 0.2%, and CSF leakage rate of 0.3%. 6, 33, 34 However, our data only captured complications during the perioperative admission and, therefore, were most likely an understatement of postoperative complications during a longer time course. Previous studies found that nasal polyposis is a risk factor for surgical complications. [12] [13] [14] Due to the limitations of the data set, we were only able to analyze major complications with specific diagnosis codes that occurred at the time of surgery and were not able to analyze minor complications such as epistaxis or longer-term complications such as readmission, synechiae formation, and stenosis.
Procedures for patients with nasal polyposis, overall, were more expensive, most likely due to more extensive surgery because there was no difference in cost when similar surgeries were compared. Patients with CRSwNP had significantly longer OR times compared with those with CRSsNP, even when similar extents of surgery were compared. The longer OR time was most likely due to increased burden of disease, increased bleeding, and decreased visualization during surgery for CRSwNP compared with CRSsNP, as previously documented. [34] [35] [36] Our study faced many of the challenges associated with analyzing administrative data. There was a disparity in the collected variables across states. There were limitations with using CPT codes to identify cases and with ICD-9 codes to determine diagnosis because it was not possible to know the exact indications for surgery because they are not explicitly linked in the data set. 37 The data set also does not provide any information regarding the burden of disease, such as the 22-item Sino-Nasal Outcome Test scores or the Lund-Mackay scores. As with all studies that used administrative data bases, this study was dependent on the accuracy of the coding of the surgical procedure. Another limitation of the data set was the lack of cost to charge conversion and so the data represented how much the surgical centers charge but not what they were paid (charge data in SASD also do not include professional fees).
CONCLUSION
Approximately 30% of all ESS in the four states studied were performed for patients with polyps. The rate of surgery for CRSwNP varied across states, with California the highest and Maryland the lowest. Cases for patients with CRSwNP on average were more extensive and used greater resources than those for patients without polyps. Rates of surgery performed for CRSwNP varied based on geography, payer, and surgical volume. Further studies may determine whether patient selection impacts surgical management at the national level. 
